Background: Methylmalonate-semialdehyde Dehydrogenase Deficiency (MMSDHD) is an uncommon autosomal recessive disorder. MMSDH is an enzyme encoded by the protein coding gene ALDH6A1 in humans.
Introduction
ethylmalonate-semialdehyde Dehydrogenase Deficiency (MMSDHD) is an uncommon autosomal recessive disorder characterized by the excessive excretion of S-2-(hydroxymethyl)butyric acid, 3-hydroxypropionic acid, beta-alanine, and R-and S-3-amino-and 3-hydroxyisobutyric acids. It is caused by deficient activities of malonic, methylmalonic and ethylmalonic semialdehyde dehydrogenases (1, 2) . Methylmalonatesemialdehyde dehydrogenase (acylating), mitochondrial (MMSDH) is an enzyme encoded by the ALDH6A1 gene in humans (3).
Very few case reports have described patients with MMSDH deficiency and other metabolic abnormalities, M all of them have been in the context of increased urine levels of 3-hydroxyisobutyric acid (2, 4, 5) . For the first time, Pollitt et al. (2) reported an asymptomatic child who was emphasized by high methionine levels on newborn screening. This child had 3-hydroxyisobutyric aciduria, and finally showed a homozygous missense mutation (c.1336G>A) in ALDH6A1 gene encoding MMSDH (4) . Two unrelated children with 3-hydroxyisobutyric aciduria and different novel homozygous missense mutations in ALDH6A1 were described in a recent report (5) . Considering the unstable behavior of methylmalonatesemialdehyde in enzyme assays, no report could illustrate the decrease in MMSDH enzyme activity. As such, the discovery of deleterious mutations in ALDH6A1 gene has until recently served as the only means of diagnosing MMSDH dysfunction (1).
Available reports indicate a highly variable clinical and biochemical phenotype, which can cause a challenge in diagnosis. Up to now, via identification of homozygous mutations in ALDH6A1, the gene encoding MMSDH, only three reported cases have been recorded at the molecular level. Confirmation by enzyme assay has until now not been possible, due to the extreme instability of the enzyme substrate (1).
The fates of intravenous loading tests of [2H8] valine (D8-valine) and [2H4] thymine (D4-thymine) in these patients show that this milder clinical form is likely due to a deficiency of methylmalonate-semialdehyde dehydrogenase affecting both the valine and the thymine pathways. This deficiency is different from other previous reported disorders, which influences multiple semialdehyde dehydrogenases (2, (6) (7) (8) .
Patients with methylmalonic aciduria possess a more benign clinical course and no considerable increase in propionylcarnitine levels is observed. They ascertain the symptoms of developmental delay with or without seizures. Consideration of such patients cannot illustrate any abnormality of methylmalonyl-CoA mutase or cobalamin metabolism. The feasibility of a primary deficiency in the valine pathway at the level of methylmalonyl semialdehyde is a possible alternative explanation through the deletion of these two etiologies (9) .
The clinical presentation related to the elevated levels of 3-hydroxyisobutyric acid may have different symptoms from severe microcephaly, neuronal migration abnormalities and early death, through a milder disorder with failure to thrive and chronic lactic acidosis to mild vomiting attacks with normal brain and cognitive development. Different dysmorphic anomalies indicate the biochemical abnormality (10) . This case report is a presentation of a 4-year-old boy with MMSDHD and cardiac disease.
Case Presentation
A 4-year-old boy was diagnosed with MMSDHD. His weight and height were 14 kg (3% percentile) and 99 cm (10%-25% percentile), respectively. He had normal physical examination (without hepatomegaly), and normal feature and intelligence. For the first time, at 6 months of age elevated liver transaminases (SGOT: 157 U/L, SGPT: 115 U/L, Alp: 526 U/L) was noticed. Liver biopsy indicated no specific pathological results.
His brother died at 14 years of age due to probable cardiac disease with unknown etiology. Our patient had the history of normal growth and development. The patient was admitted with fever, fatigue and dyspnea for the first time in Amirkola Children Hospital (Babol City, North of Iran). Echocardiography was done due to dyspnea ( Figure 1 ). After diagnosis of cardiac disease (mild dilatation of left ventricle and left atrium-mitral value regurgitation), he was transported to the cardiac ward.
Signs and symptoms of cardiac disease in this case included tachypnea, tachycardia, pallor, mild confusion, mild restlessness, delayed capillary filling, refill, filiform pulses, low blood pressure and muffled heart sounds. Moreover, left atrial enlargement and left ventricular enlargement, mild mitral regurgitation (tricuspid regurgitation and aortic insufficiency, and mild plural effusion were shown. Ejection fraction was 44%. Chest X-ray revealed cardiomegaly (CTR Normal pattern of serum amino acid analysis was reported (Alanine level was 325 µmol/L, normal range: 157-481). LC/mass was checked two times with normal pattern (normal level of C5OH). In addition, urine GCMS was checked two times and 3-hydroxyisobutyrate was 197.4% and 574% (cutoff<13%) and 3-hydroxypropionate was 42% and 49.5% (cutoff<1.95%).
Finally, the blood sample was sent to CENTOGENE (a genetic diagnostic laboratory located in Germany) for genetic analysis and final confirmation of the disease. Then, his genetic mutation was reported c.184 c>G and gene analysis for ALDH6A1 gene, c.184c>G (p.Pro62Ala) was done. Thus, MMSDHD was genetically confirmed (Table 1) . After treatment with specific drugs such as milrinone and dopamine, the EF reached 45% and the patient was discharged.
Discussion
In our report, we presented a 4-year-old boy with MMSDHD and cardiac disease. This is one of the rare case reports in the world and the first in Iran. There have been previous reports of MMSDH without cardiac disease. In the present study, the boy had no symptoms of vomiting, ketoacidosis, developmental delay, and malformation except for cardiac disease, unlike other reported cases in the world.
Marcadier et al. reported an 18-month-old infant with abnormal myelination found in brain MRI, which was accompanied with severe developmental delays, and transient/variable elevations in lactate, methylmalonic acid, 3-hydroxyisobutyric and 3-aminoisobutyric acids. This was the fourth case study in which Marcadier et al. explained about a child with defi- ciency of MMSDH due to the mutations in ALDH6A1 gene and concurrent deficiency of the enzyme level (1), elevated methylmalonic acid in urine, elevated 3-hydroxyisobutyric and 3-aminoisobutyric acids like the reported study; however, in the present study, the boy had no neurological disorders.
A case with developmental delay (without any episodes of metabolic acidosis), which was related to the excretion of remarkable amounts of methylmalonate, without any relationship with the increased excretion of malonate, ethylmalonate, 3-hydroxypropionate, or balanine and propionylcarnitine in blood or urine was reported by Roe et al. Furthermore, the activity of methylmalonyl-CoA mutase and the pathway for cobalamin metabolism were intact (9) in the patient of the present study, who did not show high excretion of methylmalonic acid in urine sample.
Gray et al. indicated a metabolic defect in intact fibroblasts using 14C-labeled valine or β-alanine and that malonic semialdehyde dehydrogenase activity was deficient in disrupted cells (7) . Like the current study, some studies reported increased levels of 3-hydroxyisobutyric acid (5) (6) (7) (10) (11) (12) . Unlike the present study (with cardiac symptoms), there was persistent pulmonary hypertension in the first case reported by Loupatty et al. (11) . Roe et al. did not report any clinical symptoms in their case (9), but our case showed the delayed manifestation of clinical symptoms at 4 years of age.
Elevated laboratory findings (beta-alanine, 3-hydroxypropionic acid, R-and S-3-amino-and 3-hydroxyisobutyric acids and S-2-(hydroxymethyl)butyric acid in the report of Pollitt et al., age and sex of the patient (male, 4 years old) are similar to the current study (2) . Gibson et al. reported two cases indicating the deficient MMS-DH enzymatic activity. The first case was presented in a 6-year-old male diagnosed with lethargy, failure to thrive, vomiting and metabolic acidosis (6) . But in our case, the patient did not show these symptoms.
Two unrelated patients were reported by Sass et al. (2012) with increased urinary concentrations of 3-hydroxyisobutyric acid and developmental delay. Mutation analysis of the ALDH6A1 gene of the second patient demonstrated a different missense mutation, c.184 C>T (P62S), which was also identified in 1/530 control chromosomes. Both mutations had influence on conserved amino acids of the methylmalonate-semialdehyde dehydrogenase protein. In one case of their study, the immediate death was shown due to hepatic encephalopathy which was secondary to liver failure. Case one demonstrated metabolic acidosis and cerebral edema. His care provider found him while breathing but febrile and cyanotic, with liver failure and disseminated intravascular coagulation. At birth, case 2 was a girl with bilateral microphthalmia with cataracts and hypotonia (5) . In addition, the increased urinary concentrations of 3-hydroxyisobutyric acid and genetic results are consistent with the present study, but heart symptoms were observed only in our case. Moreover, in agreement with the current study, some other studies have reported gene mutation results of ALDH6A1 (1, 13, 14) .
This case report demonstrated the first Iranian case with MMSDH deficiency. He had elevated liver enzymes and cardiac disease, while cardiac manifestation is an unusual presentation of MMSDH deficiency in other reports. This case report develops the understanding about clinical and biochemical aspects of this very uncommon condition, and it can be significantly underdiagnosed, considering the numerous biochemical abnormalities initially observed in our patient.
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